Technological advancements have given a whole new dimension to the beverage packaging industry, progressing from heavy traditional glass bottles to lighter plastic containers and now to even lighter composite beverage cartons. Beverage cartons protect freshness, flavours and nutritional qualities, enabling distribution, either at ambient temperatures or under refrigerated conditions, and thereby enabling extended shelf-lives for consumer beverages. Beverage cartons are made of, on average (by weight): 75% paperboard, a renewable material, namely wood fibre; 20% low density polyethylene, mostly to prevent leakage; and 5% aluminium as a barrier to light and oxygen. Of the two types of cartons, aseptic cartons/UHT cartons contain aluminium along with paper and polyethylene, whereas the chilled/pasteurized cartons contain only polyethylene and paper.
Although the use of beverage cartons has improved the performance of containers, they are also the source of increased waste in comparison with glass and plastic containers, which can readily be separated from the waste stream and processed for recycling. Ironically, all three of the components (paper, plastic and aluminium) in composite beverage cartons are themselves recyclable, but recycling of materials in a composite matrix is more difficult. The long fibres of paper used in beverage cartons are of high quality, which can be turned into other recycled paper products, but traces of plastic and aluminium in the paper hamper such recycling, which therefore requires separation of the paper fibre from the other two materials. Nevertheless, polyethylene and aluminium are also recyclable separately, and, in some cases even composites can be used to produce various innovative products such as roofing tiles, furniture, and boards, as described below.
The composite layers of paper, polyethylene and aluminium in a used beverage carton (UBC) can be separated using hydropulping technology. Such separation process does not require any chemical additives. The packaging is mixed with water in a concentration range from 3% (30 kg of packaging in 970 kg of water) up to 15% (150 kg of packaging in 850 kg of water) by weight, agitated for 30 to 40 minutes. Within this process, almost all of the fibres present in the carton will be separated from the polyethylene-aluminium layers. The poly-aluminium rejects from the hydro-pulper are suspended in water, which is later removed by pumping, centrifuged, dried, and baled for transporting to the recycling factory. Thus recovered poly-aluminium is processed into various innovative products such as roofing material, furniture, etc. through mechanical recycling. In addition to poly-aluminium separation from paper fibre, there are new technologies in use that separate polyethylene from aluminium. The plasma technology site in Piracicaba, Brazil, and lowtemperature pyrolysis site in Barcelona, Spain both allow for production of paraffinic oils and high-quality aluminium. The plasma technology uses electrical energy to produce a jet of plasma at 15 000 °C. The heat ionizes the plastic and aluminium mixture with the result that the plastic is transformed into paraffin and the aluminium is recovered in its pure form.
The composite layers of paper, polyethylene and aluminium in a single beverage carton require separate collection and recycling, -a challenge compared to the handling of other paper products in a typical municipal solid waste stream. Thus, UBCs are often simply deposited in landfills. Similarly, the need for the consumer to clean off food and beverage remains prior to leaving them out for separate collection is a disincentive for consumers to segregate UBCs for recycling. It has been observed that waste pickers in landfills/dumping grounds collect recyclables such as plastic and metals but not the UBCs. Most of these waste pickers are not aware that UBCs also hold monetary value in a similar manner to plastic bottles and other recyclables; hence these beverage cartons miss the collection channel of waste pickers and junk shops dealers too. Unlike general paper waste, which is directly consumed by paper mills, UBCs are considered impure due to their poly-aluminium content and hence require dedicated recycling units for UBCs, which is another challenge to its recovery and recycling. Nevertheless, Europe, and some Asian countries are showing remarkable progress in beverage carton recycling.
So what factors contribute to a successful UBC recycling programme?
The facet of the recycling industry in Europe that deals with UBCs has steadily increased by more than 5% a year since 2000. In 2012, around 380 000 tonnes of UBCs were recycled (EU-27, Norway and Switzerland). This represents a situation in which 39% of all cartons sold in Europe are being recycled. If the production of energy from combustion of UBCs is also considered, the total recovery rate (recycling and energy recovery) of beverage cartons reaches 70% (ACE, 2013).
Recovery and recycling schemes for food and beverage containers (and all packaging waste) in the EU inherently reflects best practices associated with the now-accepted concept of 'extended producer responsibility' (EPR), such as the German Green Dot System and Belgian Fost Plus. The Green Dot Extended producers' responsibility schemes for used beverage carton recycling programme, under the German Duales System Deutschland GmbH (DSD), entails the collection, sorting, storage, and sale of packaging wastes to achieve recycling objectives. Currently, the Green Dot programme includes more than 130 000 participating companies and 460 billion consumer packages have been labelled with the Green Dot logo. Furthermore, about 14.7 million tons of used packaging waste was recovered and recycled by European (Emergo Europe, 2013) organizations.
In Austria, UBCs are cleansed, rinsed, dried and flattened and then separated out into special cardboard that called 'Öko box' that is shipped directly to the nominated recycler. The FostPlus programme is a proven success with 95% of citizens sorting their packaging for recycling. Fost Plus is a not-for-profit organization, set up and financed by industry. It cooperates with intermunicipalities, private waste management companies and recyclers to organize the collection and recycling of household packaging. This includes glass, paper-cardboard and PMD (plastic bottles and flasks, metal packaging and drinks cartons). Fost Plus acts on behalf of its members to help deliver requirements under the EC Directive on Packaging and Packaging Waste and has adopted the Green Dot packaging licensing and compliance scheme. In 2011, Fost Plus recycled 15 988 tonnes, which represents 80% of all drink (beverage) cartons consumed (FostPlus, 2013) .
In the UK the Alliance for Beverage Cartons & the Environment (ACE) UK, representing the leading beverage carton manufacturers Tetra Pak, Elopak and SIG Combibloc, and paper and packaging producer Sonoco Alcore, has established the first dedicated beverage recycling facility in Stainland (near Halifax), West Yorkshire. This recycling plant is a good example of producers taking responsibility for their products. Established in September 2013, the facility has the capacity to recycle up to 40% of the cartons used in the UK each year (i.e. 1.25 billion cartons) (ACE-UK, 2013).
These EPR programmes, as applied to beverage carton management in Europe, are undoubtedly supported by legislation on packaging waste; but, along with legislative measures, it is the producers as well as concerned citizens who contribute to the success of UBC recycling in Europe. The benefits of involvement by concerned citizens and progressive beverage suppliers are apparent also from cases in selected progressive Asian countries in which strong regulatory targets or enforcement programmes about UBC recycling are not yet in place. This case is justified with an example from Thailand. Considering the case of UBC recycling in Thailand, Tetra Pak's roles and responsibilities as the producer is prominent. Tetra Pak products comprise nearly 75% of the beverage carton market in Thailand, with the remaining market being shared by SIG Combibloc and Ecoplak.
Despite the absence of any regulatory measures on beverage packaging management in the country, Tetra Pak, Thailand has initiated UBC recycling programmes. Tetra Pak started with extensive mass advertising campaigns using various media. In 2008, Tetra Pak worked with local television Channel 3, telecasting, Samsib yung jaew or Jaew 'love the Earth programme' educating citizens about the benefits of separate beverage carton collection and requesting delivery of the cut-and-cleaned UBCs to the TV station by hand-drop or by post. The campaign got an overwhelming response from people, with the collection of 249 tonnes of UBCs within 6 months. Along with Channel 3, the Thai Post Office also played a supportive role in providing a space and a bin to temporarily store clean beverage cartons from the local residents in more than 2000 branches of the Thai post office system. Tetra Pak's involvement goes beyond their role as a producer of UBC, but also includes supporting educational programmes with various stakeholders including schools, monasteries/temples, Big C super stores, the Princess Pa Foundation and many provincial collection centres. Following the establishment of a successful UBC collection network, in 2005 Tetra Pak formed a recycling partnership with Fiber Pattana Co., Ltd (a paper and pulp manufacturer) to expand UBC recycling activities. In 2010, Tetra Pak (Thailand) launched a new campaign entitled 'the "Green Roof Project" for the Princess Pa Foundation', in collaboration with the Princess Pa Foundation, Thai Red Cross Society and Big C Supercenter Public Company Limited. The project calls for public participation in collecting UBCs, and converting the poly-aluminium composite into roof sheets at Fiber Pattana. The roof sheets made from UBCs collected through the Big C collection network is donated to the victims of natural disaster, and the green roofs made from UBCs brought from other commercial collection networks (provincial collection centres, individual junk shops, and schools garbage banks, etc.) are sold for profit. Following the catastrophic flood incident in 2011, Fiber Pattana has innovated 'Eco-boat' from poly-aluminium composite derived from UBCs, which is usually used to make the green roofs. These Eco-boats are available only in the flood period and are donated free-of-cost to organizations who help the flood victims, and sold for 1000 THB (US$ 34) for other individuals. Fiber Pattana produces paper pulp and this is used to produce office stationery, printing paper and paper packaging materials. The majority of the wet paper pulp extracted from UBCs is sold for the manufacture of corrugated boxes by companies such as Siam Kraft and the Asia Kraft.
Green Board Thailand Co. Ltd is another recycling partner of Tetra Pak, Thailand. Tetra Pak has provided the recycling unit with a hot press machine to produce green board. The company converts poly-aluminium composite into furniture. Unlike Fiber Pattana, the raw material for this company is not the UBCs, but the 'trim waste' imported from a converting factory in Singapore. Tetra Pak has 36 converting factories scattered all over the world where raw materials are turned into the finished product, beverage carton boards. In short, the converting process can be divided into three phases; prepress printing and lamination. These readyto-use carton boards are imported and sold to the various beverage industries, which fill the cartons produced from them with their beverage products, at their respective factories.
From a mere throw-away item to a valuable recyclable material, the recycling of UBCs has come a long way in Thailand. The UBC recycling rate in Thailand has increased from 12.5% in 2008 to 25.4% or 13 200 tonnes, in 2012. By May 2013, the recycling rate of UBCs had reached 26.3% or 14 600 tonnes. The credit goes to Tetra Pak's voluntary EPR programmes involving a series of decade-long mass awareness/education campaigns; establishing strong collection networks, and partnerships with recycling partners, Fiber Pattana and Green Board Company.
Although Tetra Pak's initiative has produced the UBC collection network, the profitability and financial sustainability of the UBC recycling activity is still questionable. One of the reasons for this is a lack of end-market for the recycled products. Since the catastrophic flood of 2011, Fiber Pattana has seen drastic declines in the market for its pulp. In 2013, orders dropped from 800 tonnes of pulp per month to 150 tonnes per month. Cheaper pulps exported from China are giving tough competition to the company. As a result, the company has been stockpiling 15 000 tonnes of UBCs collected from various collection partners at six warehouses, adding to overall operational costs.
Drawing lessons from European and Thailand's examples, it is obvious that the first priority for increasing recycling is confirming that there are sustainable end markets for UBC. Perhaps the Thai Beverage Carton Group can boost the end market by encouraging paper mills to take cartons for recycling. Similarly, the container industry must continuously collaborate with local municipalities, sorting facilities and other potential end-users to promote carton recycling.
EPR is a national policy approach that shifts the cost of managing post-use products, either partially or fully, from local governments to the producers, so that producers are integrally involved with the management of their products themselves at end-of-life (SAIC, 2012) . Such producer responsibility approaches put accountability and responsibility not only to the producer but also shapes the behavior of consumers and stakeholders along the supply chain by more directly internalizing the environmental costs into the life-cycle of consumer products. Such cost and responsibility sharing has proved to be an effective driver for UBC waste management, as experienced in both Europe and Thailand. Establishing extended producers responsibility as the primary approach for managing UBCs can be facilitated if the government adopts a comprehensive producer responsibility policy in collaboration with industry. In addition, it is wise to set government procurement standards and incentives that encourage increased use of recycled UBCs as a raw material in the production of new beverage cartons or other products.
